Abstract: Possible approaches to thermal wave based measurement of thermal diffusivity are considered. The calculation of the transverse photodeflection signal in the framework of wave optics prove to be a more accurate approach compared to that of geometrical optics. The influence of the account of wave optical effects on the accuracy of the thermal diffusivity determination is theoretically analyzed under various conditions.
INTRODUCTION
A transverse photodeflection (TPD) technique has become of special interest within the last few years due to a possibility of determining the thermal diffusivity of solids [l-41. This technique allows to carry out measurements locally, without contact and in a selected lateral (parallel to the sample surface) direction. In the case of thermally thick samples with large thermal diffusivity (compared with that of the surrounding deflection media) diffusivity can be measured directly [l] . Under other conditions, the thermal diffusivity determination is a more complicated procedure needing a numerical analysis of the TPD signal. The accuracy of the determination depends on the theoretical approach to the signal formation.
At present, the theory of TPD methods used for these purposes is based on the notions of geometric optics [5, 6] . We showed elsewhere [7, 8] for a normal photodeflection signal and in ref.
[l01 for a transversal photodeflection signal that this approximation, neglecting the diffraction of a probe laser beam on the thermal lens (TL) and the probe beam intensity distribution in the region of the TL, can be responsible for a considerable difference between experimental and calculated data, especially for the phase of the TPD signal used for the thermal diffusivity determination.
SIMULATION O F DIFFUSIVITY DETERMINATION
In general, the thermal diffusivity measurement is based on a fit of the value from a dependence of the TPD signal on the lateral offset between pump and probe beams. To study theoretically the accuracy of the thermal diffusivity derived from geometrical optics compared to that of wave optics we have analyzed a fit procedure based on geometrical optics using simulated data from a wave optics model for samples with various thermal diffusivities and under various experimental conditions. Principally, only two points of the dependence of the TPD signal phase on lateral offset y, can be used
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1994769 for the thermal diffusivity determination if all other experimental parameters are known. This approach is used in so called zero-crossing method [l] , which we try to simulate also. For fitting we use two points of the phase shift dependence: cp,=cp(y,-.O) and cp,=acp+cp(y0-.O) at various AV. acp=90° corresponds to the zero-crossing method. First, we find the lateral offset yo at given acp and the sample thermal diffusivity KO vwhere dn/dT is the derivative of the medium refractive index; h is the wavelength of the probe beam; T(k,,ky,w) is the Fourier transform of the non-stationary component of the object surface temperature T(x,y,z=O,t) over the coordinates X and y and time; r , = ( k , + i~/~~) "~;~~ is the thermal diffusivity of the medium near the object; r is the probe beam radius.
Note that the signal amplitude equals zero at yo=O, hence determining cp(0) exactly is impossible experimentally. In general, we could use another point or points for fitting. On the other hand, 120
cp-.const at y 0 4 , and we can use the limit (o(0) in simulations as a reference point.
Calculations show that the dependence of the 3 lateral offset on the thermal diffusivity is not monotonic. Hence, problems of multi-valued solutions can arise in the diffusivity determination if few experimental data is used. This actually happens at small acp and/or K.
The "fitting" of the thermal diffusivity at a(p=90° is shown in Fig. 1 figure 2 that the neglect of the wave optics effects can lead to an error of two orders of magnitude or more.
We have not presented here the results of the simulation at-high modulation frequencies, Fig.2 .The error of the diffusivity determination by because the wave optics effect (see for instance in geometrical optics approach for simulated data. ref. [7] for normal photodeflection signal) and the error will be greater.
3.EXPERIMENTAL DETECTION OF DIFFUSIVITY
For an experimental study of the influence of wave optics effects on the thermal diffusivity determination, some metal samples were measured.
An Arf-ion laser was used for thermal wave generation. The radius of the heating beam was as small as 7pm to reduce its influence in fitting. A monoblock by Phototherm Dr.Petry GmbH was used as a detection system. The radius of the probe beam was 45pm. The vertical offset was estimated by crossing the probe beam center by a sample edge and chosen about 100pm. A position of the probe beam and the sample was fixed, and we scanned the heating beam across the probe beam direction.
Experimental investigations were made for tungsten and argentan with air as a deflecting medium. The thermal diffusivity was determined using a three parameter least-squares-fitting of the TPD signal phase vs lateral offset for the thermal diffusivity of the sample, that of air and the vertical offset. Table 1 containes a summary of the results of the fit at two modulation frequencies. U is the phase variance, Literature gives the following data for the thermal diffusivities: K, is 0.68cm2/s at 300°K and 0.61cm2/s at 400°K for tungsten [9] , and K, is 0.076-0.09cm2/s at 300°K for argentan [10] .
So, one can see that at the frequency of lkHz the both approaches give similar results which is in a correspondence with literature data. A diffusivity of 0.28cm2/s correspondes to the thermal diffusivity of air at 360°K under normal conditions. The increase of the modulation frequency results in a difference between all parameters fitted within the frameworks of the two approaches. In the case of argentan, the geometrical one gives no reasonable value of the diffusivity at 5 kHz. 
CONCLUSIONS
The use of the conventional approach for the interpretation of the transverse photo-deflection signal in the framework of geometrical optics often leads to errors in the determination of the thermal diffusivity.
A wave optics approach to the formation of the transverse photodeflection signal has to be used in the following cases. 1. The thermal diffusivity to be measured is small compared to that of the deflecting medium. 2. The measurements need a high frequency, for instance, to determine the thermal diffusivity of thin samples or films or to make measurements with a high lateral resolution. 3. The measurements need a large probe beam radius, for instance, to determine the thermal diffusivity of large samples. 
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